Abstract The incidence of locally advanced prostate cancer has decreased in the last few decades since the introduction of screening programmes. Despite earlier detection and treatment, there is still a proportion of late presentation and/or recurrences (around 10 %) of locally advanced prostate cancer. Additionally, sporadic reports of synchronous pelvic neoplasms have been published with various treatment strategies to optimize patient survival. Pelvic exenteration is a technically demanding surgical procedure that is performed for locally advanced, recurrent or synchronous pelvic malignancies. The role of pelvic exenteration in locally advanced prostate cancer has been controversial, as there is a lack of strong statistical evidence to support its role. Despite this, studies have outlined benefits of this procedure, especially in the presence of synchronous pelvic cancers or for palliative indications. Despite advances in surgical care and techniques, pelvic exenteration remains a high-risk procedure with troublesome complications. However, with better patient selection, multi-disciplinary team (tumour board) involvement and surgery being performed in specialist high volumes centres, rates of morbidity and mortality have substantially reduced.
Introduction
Pelvic exenteration is a technically challenging procedure that is commonly performed for locally advanced or recurrent pelvic malignancies [1] . Commonly resected neoplasms include cervical, endometrial, vulval, vaginal, bladder, colorectal or pelvic sarcomas [2 •• , 3] . Additionally, resection of locally advanced prostate cancer has been reported [2 •• ] . Classical total pelvic exenteration involves the extirpation of the anal canal, rectum and distal colon. Additionally, the bladder, lower ureters, reproductive organs, adjacent lymph nodes and peritoneum are removed en bloc [2 •• , 3, 4] . With the removal of the bladder, urinary diversion is required, either by ileal conduit or forming a wet colostomy or neobladder [2 •• , 5] .
In the modern era of surgery, organ preservation and minimally invasive surgery have been largely in the spotlight. Despite this, the role of pelvic exenteration remains an important surgical treatment modality in appropriately selected cases of advanced pelvic neoplasms [1] . With improved surgical and oncological techniques and treatments, many advanced pelvic malignancies are still amenable to curative resection [2 •• , 6] . Additionally, the outcomes of locally advanced pelvic malignancies are dismal, when left untreated, with many patients having severe progression of pelvic pain [7] .
Pelvic exenteration was first described by Brunschwig in 1948 as a palliative procedure for locally advanced gynaecological cancers [8] . However, the focus of the operation shifted towards a curative procedure in later years [1] . Although Brunschwig described the procedure as being a ''brutal and cruel'' surgery, he believed it saved lives [8] . Throughout the 20th century, its role has been controversial and debated. In the 1960's, it was considered an outdated procedure with little oncological benefit, only serving to cause patients further disfigurement and pain [9] Despite this, modifications of surgical techniques allowing for better oncological resections coupled with improved reconstruction techniques have led to a revival of pelvic exenteration. Furthermore, improved chemoradiotherapy regimens and better patient selection have re-established it as an important treatment option in management of advanced pelvic neoplasm [9, 10] .
Historically, the rates of morbidity and mortality postoperatively were substantially high [11, 12] . Early series reported mortality rates of up to 30 % [13] [14] [15] . However, contemporary studies observe mortality rates well below 5 % in specialist centres [16] [17] [18] [19] . This has been largely attributable to better patient selection coupled with improved anaesthetic/perioperative management which has significantly reduced morbidities also [2, 20] . The reduction in morbidity and mortality has also been a ''key'' factor in its revival as an oncological and palliative procedure.
Prostate Cancer--Locally Advanced Disease
Prostate cancer is the second most common cause of cancer-related deaths in males [21] . Its incidence has increased over the last few decades [22, 23] . In Europe, it is the most common solid neoplasm, with an incidence of 214 per 1,000 men, outnumbering colorectal and pulmonary cancer [21] . The development of screening for prostate cancer, albeit without dedicated screening programmes, with prostate-specific antigen (PSA) has resulted in earlier detection and treatment of prostate cancer at earlier stages [24] . Despite this, patients still present or develop locally advanced prostate cancer with concomitant complications [25] . Additionally, studies have observed that as high as 10 % of patients receiving primary radiation therapy develop a symptomatic local recurrence [26] . The sequelae of locally advanced disease can be serious including severe haematuria, relentless pelvic pain, bowel obstruction or urinary obstruction with obstructive uropathy [26] .
The treatment of prostate cancer is guided by risk stratification. Parameters including PSA, Gleason score and patient co-morbidity index together dictate which treatment approach is the best [22] . However, the management of locally advanced prostate cancer is still debated [27 • ]. Options include radical options in the form of radical prostatectomy or radical radiotherapy with or without adjuvant hormonal manipulation, hormonal treatment alone or a watchful waiting approach. In the past, radical prostatectomy (RP) was only deemed suitable in those patients without extra-prostatic involvement. However, in recent years with improved RP techniques, it has been used selectively in patients with locally advanced prostate cancer (cT3 disease), though long-term survival results remain variable [27 • ].Alternatively, external-beam radiotherapy combined with androgen-deprivation therapy has become the most widely accepted treatment approach of choice [28] . The role of radiation therapy for the treatment of prostate cancer was introduced in 1915 [29] . Its popularity substantially increased in the 1980's with the development of the linear accelerator. In recent times, improvements including three-dimensional conformal radiotherapy and brachytherapy have positioned it as the main treatment choice for local advanced disease [29] .
Additionally, palliative procedures are an important part of the armament in the management of locally advanced prostate cancer. Palliative transurethral resection of the prostate (TURP) has been used for several decades as treatment option for obstructive outflow symptoms. However, concerns regarding the possibility that its use contributes to metastatic spread due to tumour spillage and haematological dissemination has been raised [30] . Alternatively, laser vaporization of the prostate using a potassium titanyl phosphate laser has also been advocated with promising results [25] . However, none of these treatment approaches alleviate the debilitating pelvic pain that can be caused by local recurrence. This complication is notoriously difficult to treat, requiring a multi-modality approach including pain specialist input. Exenterative surgery has been noted to have an important role in helping to ameliorate symptoms [25] .
Exenterative Surgery for Advanced Prostate Cancer
Advanced prostate cancer may spread locally to adjacent organs including the seminal vesicles, bladder and less commonly to the rectum [31] . The role of exenterative surgery in advanced prostate cancer has been controversial and debated in recent years. Good surgical and anatomical knowledge is extremely important prior to perform pelvic exenteration. Additionally, high-quality imaging is required to establish the tumour anatomy and/or recurrence pattern to minimize associated morbidity [11] . Surgeons must be acquainted with several surgical techniques including pelvic and urological reconstructive options to tailor the surgery to each patient [11] .
The primary goal of pelvic exenterative surgery is to provide patients the optimal chance of survival, while bestowing a reasonable quality of life [32] . Zincke in 1992 reported the largest series to date of exenterative surgery versus radical prostatectomy for the management of recurrent locally advanced prostate cancer after radiotherapy (32 anterior and 23 total pelvic exenterations). He observed that the exenteration group had no improvement in local control. Furthermore, there was no statistical survival benefit, with higher complications rate post-operatively when compared to radical prostatectomy group [33] . In modern times, the procedure still remains a highrisk surgery, despite perioperative advancements and better patient selection. As a result, many surgeons advocate that it should only be indicated for those patients in whom longterm survival is plausible [1, 11] .
To date, the majority of literature published on pelvic exenterative surgery for prostate cancer is either focused on recurrent locally invasive prostate cancer or prostate cancer with other synchronous rectal cancer. However, the role of exenterative surgery in the management of severe pelvic pain that is refractory to medical therapies has also emerged as an important treatment modality [34, 35, 36 •• ].
Exenterative Surgery for Synchronous Prostate and Rectal Cancer
The co-existence of synchronous prostate and pelvic neoplasms has been reported sporadically across the literature, with the majority confined to mainly case reports and small case series making the evidence weak. Furthermore, there are substantial variations in neoadjuvant regimens, with varying management approaches and survival outcomes.
Prostate and rectal cancers account for the most common pelvic cancers among the male population [37] . They can occur both metachronously or synchronously. There is suggestion that the two cancers may share a common aetiology [37] .The management of synchronous prostate and rectal cancer is challenging, due to the complex anatomy of the pelvis and the significant impact that surgical treatment can have on the patient's quality of life [38] . With improved life expectancies, the incidence of concurrent prostate and rectal cancers is likely to increase, and its management strategies will become more relevant. Kavanagh et al. outlined very relevant points regarding the difficulties in the management of synchronous rectal and prostate cancer, with the need for good pre-operative planning [39 •• ] . The role of neoadjuvant chemoradiotherapy in treating locally advanced rectal cancer has become well established in recent years [40, 41] . Patients either receive a short neoadjuvant therapy course involving 25 Gy over 1-week, with surgery approximately 2 weeks later. Or alternatively, they receive a longer neoadjuvant therapy course with 50 Gy over a 5-week period and surgery usually 8 weeks post treatment [39] . Regardless of the method, neither regimen is adequate for the appropriate treatment of locally advanced prostate cancer. The difference in radiation dosage for prostate and rectal cancer poses a substantial treatment challenge. The radiation dose for appropriately managing rectal cancer is sub-therapeutic for the treatment of prostate cancer. Moreover, the higher radiation dose for prostate cancer would render a low anterior resection to be extremely difficult, with a higher risk of breaching the prostatic capsule or perforating the rectum. Additionally, the risk of gastrointestinal anastomotic leak post-operatively would also be increased with the higher radiation dose [39 •• ] . It is in this setting of synchronous neoplasms that pelvic exenteration is thought to be more applicable (even though it too carries a significant post-operative morbidity risk). Alternatively, the concept of watchful waiting after chemoradiotherapy in rectal cancer with good clinical follow-up and repeat biopsies is gaining momentum [39 •• ] . This strategy of thorough clinical surveillance of the rectum with hormonal therapy for prostate is becoming popular. Salvage pelvic exenteration is therefore still available if recurrence or persistent disease is present.
Seretis et al's. [38] review of the literature found three case reports and five case series that reported a total of twenty-three synchronous prostate and rectal neoplasms. They also highlighted the need for thorough pre-operative planning involving both urological and colorectal multidisciplinary (tumour board) meetings to balance between good oncological surgery and preservation of patient's function [38] .
Exenterative Surgery for Palliative Management of Prostate Cancer
Locally advanced or recurrent prostate cancer can be a debilitating and devastating disease. The associated perineal pain is notoriously difficult to palliate by conventional methods [25] . This pain is attributable to local invasion of tumour into the sacrum or rectum [25] . Initially, patients receive a combination of hormonal therapy, radiation treatment and analgesia. Referral to pain specialist is also beneficial [25] . When these avenues have been exhausted, pelvic exenteration may be considered for palliative reasons, not as a curative procedure [25] . Several studies have reported pelvic exenteration as an effective therapy for palliative treatment of locally advanced prostate cancer pain, which is refractory to medical therapies [42, 43] . Additionally, it can also mitigate other local symptoms and complications of advanced disease including persistent haematuria, urethral obstruction, rectal incontinence and voiding dysfunction [42, 44] .
Kamat et al. [42] reported their experience of fourteen patients who underwent total pelvic exenteration for locally advanced prostate cancer causing substantial pelvic pain refractory to pharmacological treatments. All patients had significant pain relief post-operatively, with eleven (79 %) having complete relief of pain symptoms. Additionally, the mean symptom-free period after surgery was 14.1 months.
Despite this, half of patients developed a post-operative morbidity including wound issues, deep abdominal collection, ileus and pulmonary embolus [42] . This highlighted that the procedure is highly valuable, but risk of morbidity is high and, therefore, patient selection is crucial for good outcomes.
Leibovici et al. [43] also reported the role of palliative debulking as a means to gain pain control. In their series, total pelvic exenteration was carried out on four patients, all which had recurrence of the prostate cancer following radical prostatectomy and radiotherapy [43] . All four were permanently relieved of local symptoms following surgery. However, one patient did have an entero-urethral fistula post-operatively [43] . They also concluded that salvage exenteration surgery is feasible and provides effective palliation in patients with bulky local recurrence following RP [43] . Other options for local recurrence include salvage radical prostatectomy and cystoprostatectomy. However, extensive surgical resection (exenterative surgery) has been shown to be of benefit for symptomatic local recurrence of pelvic neoplasms with adjacent organ invasion [29, 43, 45] .
Exenterative Surgery Complications
Despite the advancements in surgical care and techniques, pelvic exenteration remains a formidable procedure with high-risked complications that can be troublesome [1] . Initial reported mortality rates have dramatically improved from greater than 30 % mortality to rates between \10 % [2] . Improvements over the last 60 years have been multifactorial including improved surgical care, centralization of services, better radiological imaging, neoadjuvant chemoradiation regimens and improved perioperative care [2] .The incidence of post-operative morbidities has significantly improved also, though its rates have been variable across several series 30-84 % [11] .
Kakuda et al. [46] observed a re-admission rate of 45 %, with 32 % of patients requiring additional surgery. Common complications include wound problems, deep abdominal abscess formation, collections and bowel obstructions (Table 1) . Early complications (around 10 % of patients) are usually due to urinary or enteric anastomosis issues [47] . Most leaks are managed conservatively with prolonged conduit drainage. Alternatively, diversion of urine via percutaneous nephrostomy tubes may be required [11] . Later complications are usually due to fistulas or stenosis, which are challenging and troublesome [11] . These have been reported in up to 16 % of patients [48] . Evidence shows a clear correlation between prior radiation exposure and fistula/stenosis formation post exenterative surgery [11] . Jakowatz et al. [49] observed that 67 % of patients who underwent prior radiotherapy had a post-operative complication, compared to 26 % with no prior radiation exposure. Additionally, Goldberg et al. observed high levels of enteric and ureteral anastomotic fistula rates in those patients who had mesh and other foreign materials for pelvic floor reconstruction compared with myocutaneous grafts [50] .
Conclusion
The technique of pelvic exenteration though introduced as a palliative procedure has a role in the treatment of locally advanced tumours, whereby complete resection offers the only possibility for cure. Pelvic exenteration with its numerous modifications remains an important treatment option for both curative and palliative reasons for patients presenting with advanced or recurrent pelvic malignancies. Improvements in surgical techniques and perioperative care have significantly reduced associated morbidity with this procedure.
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